A susceptibility locus for coronary artery disease (CAD) at chromosome 9p21 has recently been reported, which may influence the age of onset of CAD. We sought to replicate these findings among white subjects and to examine whether these results are consistent with other racial/ethnic groups by genotyping three single nucleotide polymorphisms (SNPs) in the risk interval in the Atherosclerotic Disease, Vascular Function, and Genetic Epidemiology (ADVANCE) study. One or more of these SNPs was associated with clinical CAD in whites, U.S. Hispanics and U.S. East Asians. None of the SNPs were associated with CAD in African Americans although the power to detect an odds ratio (OR) in this group equivalent to that seen in whites was only 24 -30%. ORs were higher in Hispanics and East Asians and lower in African Americans, but in all groups the 95% confidence intervals overlapped with ORs observed in whites. High-risk alleles were also associated with increased coronary artery calcification in controls and the magnitude of these associations by racial/ethnic group closely mirrored the magnitude observed for clinical CAD. Unexpectedly, we noted significant genotype frequency differences between male and female cases (P 5 0.003 -0.05). Consequently, men tended towards a recessive and women tended towards a dominant mode of inheritance. Finally, an effect of genotype on the age of onset of CAD was detected but only in men carrying two versus one or no copy of the high-risk allele and presenting with CAD at age >50 years. Further investigations in other populations are needed to confirm or refute our findings.
INTRODUCTION
Four separate genome-wide association (GWA) studies have recently identified a susceptibility locus for coronary artery disease (CAD) at chromosome 9p21 in subjects of white/ European ancestry (1 -4) . The risk interval has been narrowed down to a block approximately 58 kb wide, which does not appear to contain any annotated genes (4) . In one study, single nucleotide polymorphisms (SNPs) in this interval were also found to be associated with subclinical CAD as estimated by coronary artery calcification (CAC) (4) .
The potential for association of these SNPs with clinical and subclinical CAD has not been adequately explored in other racial/ethnic groups. In African Americans, the only other racial/ethnic group that has been studied for both outcomes, two SNPs in the risk interval (rs10757274 and rs2383206) were not associated with either outcome (4) . However, the statistical power to detect an association in blacks was limited because of smaller sample sizes and appreciably lower frequencies of the risk alleles compared with whites.
Only one study to date has explored the effects of SNPs in the risk interval on the age of onset of CAD (3) . In that study, the high-risk allele of one SNP (rs10757278) conferred a significantly higher genotype-specific OR in the subset of subjects with early onset myocardial infarction (MI) compared with all cases combined. Furthermore, a linear regression analysis within cases revealed that each copy of the high-risk allele reduced the age of onset of acute myocardial infarction (AMI) by approximately 1 year.
Within the multi-ethnic Atherosclerotic Disease, Vascular Function, and Genetic Epidemiology (ADVANCE) study, we sought to replicate associations between three SNPs (rs10757274, rs2383206 and rs10757278) in the risk interval with clinical and subclinical CAD among whites and African Americans and to explore whether these associations extend to other racial/ethnic groups, specifically Hispanics and East Asians. The ADVANCE study also provided the opportunity to examine sex differences and to further examine the effect of genotype on the age of onset of clinical CAD, because subjects with a broad range of age of first presentation of CAD were included in the study.
RESULTS

Study cohort
The overall study population included 451 cases with early onset CAD, 716 young controls, 1337 cases with later onset CAD and 992 older controls ( Table 1) . As expected, traditional risk factors were more common in cases compared with controls and also more prominent as risk factors for the early onset group. The majority of study cases had white/European ancestry (n ¼ 1201, 66%), whereas the remainder were of African Americans (n ¼ 96, 5.3%), Hispanics (n ¼ 108, 6.0%), East Asians (n ¼ 117, 6.5%) or mixed (n ¼ 287, 15.9%) ancestry.
Association of SNPs with clinical CAD
All SNPs were found to be in Hardy-Weinberg equilibrium (HWE) in all racial/ethnic groups and in all case/control strata (P . 0.05, details not shown).
The three SNPs were correlated to each other in all race/ ethnic groups studied with pair wise correlations being highest in whites (r 2 ¼ 0. Table S1 ). The SNPs were all in the same haplotype block in the white, Chinese and Japanese HapMap samples, but not in the Yoruban samples (Supplementary Material, Fig. S1 ).
The high-risk allele ('G' for all three SNPs) was strongly associated with CAD in whites (n ¼ 1196 -1200 cases, 1031 -1036 controls, Tables 2 and 3 ). The strongest association was found with rs10757278, which was present at an allele frequency of 54% in cases versus 47% in control subjects (age-and gender-adjusted OR per 'G' allele: 1.28, P ¼ 7 Â 10
25
). None of the SNPs were associated with CAD in African American subjects (strongest association rs1075278 with OR: 1.17, P ¼ 0.46), but the power to detect an OR of 1.25 for these SNPs was only 24-30% given the small sample size (n ¼ 93 -96 cases, 324-325 controls) and the lower frequencies of the high-risk allele (22.4-45 .7% in controls). In Hispanics (n ¼ 80-82 cases, 107 -108 controls), all three SNPs were statistically significantly associated with disease. The strongest association was with rs2383206, in which the risk allele was present in 63% of cases but only 51% in controls, yielding an OR of 2.12 (P ¼ 0.002). In East Asians (n ¼ 116 cases, 103 controls), the ORs for the three SNPs varied from 1.42 to 1.55 with the strongest signal associated with rs2383206 (P ¼ 0.04). Compared with whites, the point estimate of the OR in both Hispanics and East Asians was higher but there was still considerable overlap of the 95% confidence intervals (95% CI).
For the total (younger þ older) control groups, the risk allele frequency in whites, Hispanics and East Asians were virtually identical for all three SNPs. Specifically, for rs10757274, the frequencies are 0.485, 0.488 and 0.495 in whites, Hispanics and East Asians, respectively. The corresponding frequencies for rs2383206 and rs10757278 are 0.507, 0.506, 0.490 and 0.473, 0.482, 0.490, respectively. Therefore, for the subject group of mixed ancestry without African ancestry (composed primarily of European, Native American and Asian ancestry), there is no stratification bias in a case -control comparison and these groups can be compared without adjustment. For this group (n ¼ 212 -215 cases, 109-110 controls), we also found significant associations for rs10757274 and rs10757278, and suggestive evidence for rs2383206 (Table 3) , providing an additional support for the positive association of these SNPs with CAD in these racial/ethnic groups. In contrast, in the admixed group with black/African ancestry (n ¼ 71 -72 cases, 60 controls), there was no significant evidence of association, similar to what we observed for the African Americans. In this group, African was the predominant ancestry for the majority of subjects.
Adjustment for other traditional risk factors (smoking, hypertension, high cholesterol, diabetes and body mass index) had no appreciable effects on the ORs in any of the racial/ethnic groups (details not shown). Furthermore, the ORs were virtually unchanged when cases were restricted to patients presenting with AMI (Supplementary Material, Table S2 ). For instance, in whites, the ORs for presentation with clinically significant CAD ranged from 1.27 to 1.28 whereas the OR for presentation with AMI ranged from 1.28 to 1.30.
In African Americans (n ¼ 93-96 cases, 324-325 controls), a haplotype association (case -control) test was not significant (P-value over all haplotypes was 0.59, and for the high-risk GGG haplotype was 0. 25) (Table 3) . However, when we calculated genotypic ORs stratified by sex, we noted a trend towards higher ORs in women, especially in the heterozygotes (Supplementary Material, Table S3 ). Furthermore, the ORs in women tended more towards a dominant mode of inheritance, whereas in men the mode of inheritance appeared closer to recessive. We compared genotype counts for the three SNPs between the white, Hispanic and East Asian males combined (n ¼ 967 -970) and the white, Hispanic and East Asian females combined (n ¼ 452-454), and found significant differences for rs2383206 (x 2 ¼ 8.92, P ¼ .011), rs10757278 (x 2 ¼ 11.44, P ¼ .003) and rs10757274 (x 2 ¼ 6.07, P ¼ .048). The differences were primarily a result of a higher frequency of the GG genotype and lower frequency of the AG genotype in men compared with women for all three SNPs (Supplementary Material, Table S3 ).
Association of SNPs with CAC
The risk allele for all three SNPs was strongly associated with higher CAC scores in whites. The minimally adjusted OR based on ordinal logistic regression ranged from 1.37 to 1.40, P ¼ 1.8 Â 10 23 -7.0 Â 10 24 ( Table 4) . As was also observed for clinical CAD, the magnitude of this relationship was even stronger in Hispanic (OR, 1.61-1.94; P ¼ 0.10-0.20; n ¼ 58-60) and East Asian subjects (OR, 1.58 -2.21; P ¼ 0.02 -0.17; n ¼ 67), but once again there was considerable overlap of the confidence intervals between these race/ ethnicity groups as a result of small numbers of non-white subjects (details not shown). Conversely, ORs were near one and there was no significant association of these SNPs with CAC scores in African-American control subjects (OR: 0.85-1.18, P . 0.32, n ¼ 259), similar to our observations for CAD in this group. We also analyzed the two admixed control groups, as described in the 'Association of SNPs with clinical CAD' section. Again, as identically seen for clinical CAD, we observed a positive association between these SNPs and CAC score in the admixed controls without African ancestry (OR, 
Association of SNPs with the age of onset of clinical CAD
We did not observe an appreciably higher OR for the risk alleles in the set of young onset cases ( 45 years for men and 55 years for women) and controls compared with the set of older onset cases and controls in whites, Hispanics and East Asians (Table 3) . However, we noted a younger mean age of presentation of CAD in non-black subjects (n ¼ 1419 -1424) with two copies versus zero or one copy of any of the risk alleles. When this analysis was stratified Table S4 ). Overall, non-black men with two copies of any of the risk alleles presented with CAD about 1.5 -1.8 years earlier than individuals with zero or one copy of the risk allele (Wilcoxon P ¼ 0.04 -0.08). This was not the case in women (n ¼ 452 -454). Figure 1 graphically illustrates these observations for rs10757278 in white, Hispanic and East Asian cases combined. It shows that SNP genotype is associated with age of onset of CAD in men presenting primarily over the age of 50 years, but is not associated with age of onset of CAD in women. Similar findings were observed for the other two SNPs (details not shown) with the P-value for differences in the age of onset distributions between genotypes for men and women being between 0.004 and 0.05 for the three SNPs using a Kolmogorov -Smirnov test.
DISCUSSION
With the tidal wave of genetic information that is emerging from GWA studies, it is crucial to replicate findings in multiple studies as well as extend the findings to multiple racial/ ethnic groups (5). The results of our study confirm the previously reported associations between these SNPs and both clinical and subclinical CAD in white/European subjects. In addition, we extend these findings, for the first time, to U.S. Hispanics and East Asians. On the other hand, these SNPs were not associated with CAD in African-American subjects. Our analyses of the two 'admixed' groups supported our conclusions in our four other racial/ethnic groups in toto. The group of admixed subjects without African ancestry showed a level of association comparable with the other non-African groups, whereas the admixed group with African ancestry showed no association. Our findings of ethnic variation in risks, with higher ORs in Latinos and East Asians and lower ORs in African Americans when compared with whites, were consistent with our independent case -control analysis of CAD and CAC analysis among controls only. Furthermore, the lack of association in African Americans seen in our study is consistent with the observations of the single other study that examined this ethnic group (4). However, in all settings, the sample sizes for the non-white subjects in our study were not large, and hence additional independent investigation of these risks in other studies of these groups is required to definitively determine whether the risks are different or not. For example, two recent case-control association studies of clinical CAD in indigenous East Asians obtained genetic risks similar to those found in whites from other studies (6, 7) . Hence, the excess risks we observed for this group may also simply represent chance statistical fluctuation, or an effect of local environment. Differential risks, if confirmed, could be explained by (i) incomplete linkage disequilibrium (LD) among these and other SNPs on chromosome 9 in different ethnic groups and/or differential frequency of the actual (untested) causal SNP in this region; (ii) interactions with other unlinked genes whose frequencies differ across ethnic groups or (iii) interactions with varying environmental risk factors. Examination of SNP associations in different racial/ethnic groups which have distinct patterns of LD can sometimes help resolve which SNP (or SNPs) is most likely to be causative. In this case, all three SNPs we studied were in very strong and similar LD in all the non-black populations, making discrimination of functionality among the three SNPs in these populations impossible. The LD was weaker in the African-American population (as is often the case), making such an analysis possible in this group. Although associations were overall non-significant for any of the SNPs for either CAD or CAC in African Americans, we did note that SNP rs10757278 showed the largest OR independently for both CAD and CAC. Hence, it may be more likely that this SNP is either a functional variant or in strongest LD with the functional variant in this region. Additional studies of African Americans would be quite valuable in helping to resolve this question.
We detected a strong association with subclinical CAD as estimated by CAC in all non-African race/ethnicity groups. This finding has not been previously reported. Furthermore, the results of the CAC analysis in the two admixed groups mirrored the conclusions from our CAD analysis. Because CAC is highly correlated with the volume of coronary atherosclerosis, is not influenced by plaque rupture and is one of the strongest predictors of all clinical complications of CAD (8), our results support the hypothesis, first put forth by McPherson et al. (4) , that high-risk alleles in this region predispose individuals to forming atherosclerotic plaque rather than directly contributing to plaque instability and rupture. The fact that we observed a similar magnitude of association of the risk allele with CAD among cases presenting with AMI versus cases not presenting with AMI also supports this hypothesis although it is possible that many of the subjects not presenting with AMI may have suffered from subclinical ruptures prior to presentation. Once the causal SNP(s) are identified, mechanistic studies should help prove or disprove this hypothesis.
Helgadottir et al. (3) reported an allelic OR of 1.49 (95% CI, 1.31 -1.69) in early onset disease (men, ,50 years; women, ,60 years) compared with an OR of 1.26 (95% CI, 1.16 -1.36) among all cases (men, ,70 years; women, ,75 years). In contrast, we did not detect a significant difference in the magnitude of the OR between our early onset cases and controls (men, 45 years; women, 55 years) and our older onset cases and controls. However, we did observe a significant difference in the age of presentation in white, Hispanic and East Asian men carrying two copies of the risk allele versus men carrying zero or one copy of the risk allele, but only after the age of about 50 years. Therefore, an attenuated age effect in our data may be because of a larger representation of very early onset subjects. These results suggest that these SNPs likely play a role in determining the age of onset of CAD, but not at very young ages.
We found a significant difference in genotype frequencies between male and female cases, with relatively more men Figure 1 . Distribution of age of onset of clinical coronary artery disease by genotype for rs10757278 combining young and old white, Hispanic, and East Asian cases, stratified by sex. homozygous for the G allele and more women heterozygous for the G allele. Whether these differences exist in other cohorts should be explored before firm conclusions are made on the mode of inheritance for these SNPs in men compared with women.
In conclusion, we confirmed the association of SNPs at the 9p21 locus with both clinical and subclinical CAD in a population of white/European subjects. We also confirmed a lesser association in African Americans and extended these associations, for the first time, to U.S. Hispanics and East Asians in whom the relative risks appeared to be increased relative to whites, although confidence intervals were wide. Contrary to findings in other studies to date (3), in our study these SNPs did not appear to influence the age of onset of CAD at very young ages in men and at all ages in women. We noted significant genotype frequency differences between male and female cases. Consequently, men tended towards a recessive and women tended towards a dominant mode of inheritance. Further investigations in other populations are needed to confirm or refute our findings.
MATERIALS AND METHODS
Between October 28, 2001 and December 31, 2003, a total of 3179 subjects was recruited from Kaiser Permanente of Northern California, a large integrated healthcare delivery system in the San Francisco and greater Bay area, and enrolled into three case groups and two control groups. Detailed description of the eligibility criteria and the source population for all groups can be found elsewhere (9 -11) . Briefly, case groups included early onset CAD (AMI, angina pectoris with positive angiogram or revascularization procedure in men 45 or women 55 years old), incident stable exertional angina at an older age and incident AMI at an older age. Older controls included men and women aged 60-69 years at the time of identification in June 2001. The young control group included subjects between the ages of 30 and 45 for men or 30 and 55 for women as well as a subset of 479 participants from the Coronary Artery Risk Development in Young Adults (CARDIA) study (12) originally recruited at the Oakland field center and attending the study's Year 15 examination in 2000 -2001. All controls were free of clinical CAD, cerebrovascular disease (CVD) and peripheral arterial disease (PAD) at the time of recruitment. Thus, the total study sample included 3658 subjects.
Through a phone interview, an extensive self-administered questionnaire, and/or the use of the Kaiser electronic clinical databases, we documented the presence or absence and age of onset of clinically significant CAD, CVD and PAD, as well as all traditional cardiovascular risk factors in all participants. For this study, selected risk factors (smoking, hypertension, high cholesterol and diabetes) were defined based on self-report. Among cases, these risk factors were considered to be present only if subjects reported an age of onset of the risk factor that was younger than the age of onset of clinically significant CAD. All subjects provided information on their own race/ethnicity while non-CARDIA participants also provided information on the race/ethnicity of their parents and grandparents as well as their place of birth. This information was used to classify participants into one of the following racial/ethnic groups: white/European, black/African American, Hispanic, South Asian, East Asian, Pacific Islander, Native American or admixed among at least two of the above categories.
At the clinic visit, we measured the height and weight of all participants and collected whole blood for DNA extraction and quantification of various serum biomarkers. By design, CAC was measured among control participants only. In the CARDIA young controls, CAC was measured using electron-beam computed tomography (EBCT) (Imatron C-150 scanner, Imatron Inc., San Francisco, CA, USA) as part of the Year 15 (2000-2001) examination protocol (13) . CAC was not determined in non-CARDIA young controls. In the older, ADVANCE control subjects, CAC was measured using 4-or 16-row multidetector computed tomography (Siemens Medical Solutions, Erlangen, Germany) and a protocol derived from the Multi-Ethnic Study of Atherosclerosis study (14) . Details of the ADVANCE CAC protocol can be found elsewhere (15) . CAC scores generated with these two methods are highly correlated and can be combined for analytic purposes (13 -16) .
We genotyped three SNPs (rs10757274, rs2383206 and rs10757278) in the risk interval on chromosome 9p21 using the TaqManw assay in all participants. The Applied Biosystems pre designed assay IDs used to genotype these SNPs were C_26505812_10, C_1754669_10 and C_11841860_10.
We excluded from the analysis subjects who did not provide blood for DNA (n ¼ 40) or who did not fill out the study questionnaire (n ¼ 9). Because of small numbers of either cases or controls, we excluded South Asians (n ¼ 55), Pacific Islanders (n ¼ 9) and Native Americans (n ¼ 2).
The ADVANCE Study was approved by the Institutional Review Board at Stanford and the Kaiser Foundation Research Institute. All subjects gave written informed consent.
Statistical analyses
We first downloaded the latest publicly available HapMap dataset of genotypes (build 36) and created LD plots using Haploview (17) for a 76 kb region on chromosome 9 encompassing the 58 kb high-risk interval and highlighting the location of the three SNPs we genotyped. LD plots were created separately for each of the four Hapmap populations (Europeans, Yorubans, Chinese and Japanese), and haplotype blocks were inferred using the method of Gabriel et al. (18) .
We then calculated allele frequencies of all SNPs stratified by racial/ethnic group in the ADVANCE cases and controls separately. Initial analyses showed marked differences in the allele frequencies for all SNPs between black/African-American controls and non-black controls. Because such differences would increase the probability of confounding within our 'admixed Hispanic' and 'admixed non-Hispanic groups', we re-classified these two groups into two new groups ('admixed black' and 'admixed non-black') based on selfreported black/African-American ancestry before proceeding with our association analyses. We tested for HWE of the SNPs among controls in each racial/ethnic group with the permutation version of the exact test (19) and calculated pair wise LD measures (D' and r 2 ) between the three SNPs among cases and controls combined.
Next, we calculated age-and gender-adjusted OR for the presence of clinical CAD using multivariate unconditional logistic regression stratified by racial/ethnic group. ORs were first calculated for the comparison of the young onset cases to young controls, the older onset cases to the older controls separately and then across both sets of cases and controls if no heterogeneity between the two ORs was detected. For these regression analyses, we present only an additive model of inheritance (on the logit scale) because findings to date are most consistent with this model (2 -4,20) but we also calculated genotypic odds ratios (ORs) for individuals with one (or two) copies of the risk alleles versus those with no copies of the risk alleles across both sets of cases and controls using Cochran -Mantel -Haenszel statistics.
We used the online genetic power calculator (21) to calculate, post hoc, the power to detect an OR of 1.25 in a specific race/ethnic group if an association was not observed with any of the SNPs. These calculations assumed a log additive model of inheritance, a population prevalence of symptomatic CAD of 6.2% (22) and a Type 1 error of 0.05.
We used multivariate ordinal logistic regression to model the association between SNPs and CAC scores among controls stratified by racial/ethnic group. The CAC outcome was expressed as ordinal categories of Agatson scores of 0, 1 -100 and .100.
We explored the influence of these SNPs on the age of onset of CAD by three means. First, we compared the OR derived for the younger onset cases and controls to the older onset cases and controls. Secondly, we determined the mean age of onset of disease by genotype within cases and tested for differences between groups with a Kruscal -Wallis test. Finally, we plotted the age of onset distribution by genotype.
Logistic regression analyses for clinical CAD were repeated after removing cases whose qualifying event was not their first manifestation of CAD (by history) or was not an AMI. Some analyses were also repeated stratified by gender to explore differences between men and women. The effect of further adjusting ORs for all other traditional risk factors was also explored. Finally, haplotypes were inferred (23) and association tests were performed (24 -26) for clinical CAD stratified by race/ethnicity group.
